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Summary: Objective. Electroglottography (EGG) is a widely used noninvasive method that purports to measureAccep
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http://dchanges in relative vocal fold contact area (VFCA) during phonation. Despite its broad application, the putative direct
relation between the EGG waveform and VFCA has to date only been formally tested in a single study, suggesting an
approximately linear relationship. However, in that study, flow-induced vocal fold (VF) vibration was not investigated.
A rigorous empirical evaluation of EGG as a measure of VFCA under proper physiological conditions is therefore still
needed.
Methods/design. Three red deer larynges were phonated in an excised hemilarynx preparation using a conducting
glass plate. The time-varying contact between the VF and the glass plate was assessed by high-speed video recordings at
6000 fps, synchronized to the EGG signal.
Results. The average differences between the normalized [0, 1] VFCA and EGG waveforms for the three larynges
were 0.180 (±0.156), 0.075 (±0.115), and 0.168 (±0.184) in the contacting phase and 0.159 (±0.112), 0.003
(±0.029), and 0.004 (±0.032) in the decontacting phase.
Discussions and conclusions. Overall, there was a better agreement between VFCA and the EGGwaveform in the
decontacting phase than in the contacting phase. Disagreements may be caused by nonuniform tissue conductance prop-
erties, electrode placement, and electroglottograph hardware circuitry. Pending further research, the EGG waveform
may be a reasonable first approximation to change in medial contact area between the VFs during phonation. However,
any quantitative and statistical data derived from EGG should be interpreted cautiously, allowing for potential devia-
tions from true VFCA.
Key Words: Electroglottography–Vocal fold contact area–Excised hemilarynx–High-speed imaging.INTRODUCTION
Electroglottography (EGG) is a noninvasive method to assess
the vibratory behavior of the vocal folds (VFs) during voice pro-
duction, introduced 6 decades ago by Fabre.1 For acquiring the
electroglottographic signal, two electrodes are placed at either
side of the thyroid cartilage at the level of the VFs, and a low-
amperage2 frequency-modulated (0.3–5MHz) current is passed
between them.Variations invocal fold contact area (VFCA) dur-
ing the glottal cycle introduce variations in the electrical admit-
tance across the larynx, resulting in variation in the current
between the two electrodes. These variations of the electrical
admittance are proportional to the resulting EGG waveform.3–6
Experimental research7–15 suggests that there is a relation
between kinematic events of the oscillating VFs and
stereotypical landmarks in the EGG waveform (Figure 1).
These findings were corroborated by modeling studies.16–20
Because of its low cost and noninvasive nature, electro-
glottography is an attractive alternative to direct (and thusted for publication March 30, 2015.
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x.doi.org/10.1016/j.jvoice.2015.03.018more invasive) methods for observing VF vibration, such
as videostrobolaryngoscopy,21 videokymography,22 or high-
speed laryngeal videoendoscopy,23–27 leading to an
increasing number of publications using EGG as a primary
data acquisition method in the recent past.28–36 EGG-based
studies are conducted under the assumption that the acquired
EGG signal closely represents the relative VFCA during
phonation. This is particularly crucial for quantitative
methods analyzing the EGG waveform, for example, for
calculating the EGG contact quotient37,38 or the EGG
contact index.39
Surprisingly, the putative direct relation between the EGG
waveform and VFCA has, to the knowledge of the authors, to
date only been formally investigated in a single study,40 sug-
gesting an approximately linear relationship between the
change in VFCA and the EGG signal. This study investigated
two canine hemilarynx specimens, using a mechanical arm to
drive the VF against a conductive glass pane resulting in a si-
nusoidal signal at 10–30 Hz. Flow-induced VF vibration was
not used. Furthermore, the study was conducted with video-
stroboscopy, that is, an aliasing technique that only provides
an illusion of vibration, usually at a rate of 1 Hz, documented
by 25 video frames per second. This suggests that, strictly
speaking, a formal empirical evaluation of EGG as a measure
of relative VFCA under more physiological conditions is
lacking.
To address this issue, this study was concerned with the ques-
tion whether the EGG waveform is a reliable physiological
correlate of the relative VFCA during flow-induced sustained
VF oscillation, using an excised hemilarynx setup, a conducting
glass plate, and high-speed video (HSV) recording.
FIGURE 1. Landmarks in the EGG waveform according to Baken
and Orlikoff4 and Berke et al20: a—initial contact of the lower vocal
fold (VF) margins; b—initial contact of the upper VF margins; c—
maximumVF contact reached; d—decontacting phase initiated by sep-
aration of the lower VF margins; e—upper margins start to separate;
and f—glottis is open, the contact area is minimal.
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Larynx specimens and experimental setup
The larynges investigated in this experiment came from three fe-
male red deer (Cervus elaphus) specimens. The choice of species
was justified by results of a recently published study, suggesting
that the EGG signal from a red deer larynx is comparable with
that of humans and canines.41 The deer were culled during an
authorized third party hunt near Allentsteig, Lower Austria.
The larynges were immediately harvested on site and were trans-
ported in ice boxes to the Department of Cognitive Biology, Uni-
versity of Vienna, where they were flash-frozen using liquid
nitrogen42 and then stored at 80C for further use.FIGURE 2. Hemilarynx setup with conductive glass plate used in this stud
(eg, Equation 1) was adopted from Titze42; (B) top view; (C) anterior view; (
and (E) schematic illustration of the experimental setup. E1—EGG electrode
attached to the glass plate; LED—LED diode used for synchronization; P1—Each larynx was slowly thawed immediately before the exper-
iment and cleaned (ie, the hyoid bone and epiglottis were
removed as well as surplus extrinsic muscle tissue). For creating
the hemilarynx, the left half of the thyroid cartilage, the left aryte-
noid cartilage, and a part of the cricoid cartilage were removed.
This incision formed an L-shaped mortice allowing the larynx
to be glued to a conductive glass plate (Figure 2) using dental
cement (Kukident Super-Haftcreme complete; Reckitt Benckiser
Deutschland GmbH, Mannheim, Germany). Another (noncon-
ductive) glass plate was perpendicularly glued to the conductive
glass plate, forminganL-shaped structure.Toensuregoodvisibil-
ity of the VF from the top-view camera, the soft tissue above the
VF (ie, the ventricular fold) was removed. The trachea was cut at
the fourth tracheal ring, and the larynxwas verticallymounted on
an air supply tube as described in a previous publication43
(Supplementary materials). The adduction of the VF was facili-
tated by use of a prong as described by Titze.42
The schematic of the experimental setup for obtaining the
electroglottographic (EGG) signal is illustrated in Figure 2E.
The EGG electrode attachment to the conductive glass plate
and the hemilarynx, respectively, is shown in Figure 2A–D.
The glass plate used in this experiment was covered with a layer
of titanium-tin oxide, having a sheet resistance of 40 Ohms per
square.
Self-sustained VF vibration was established by blowing
warmed and humidified air through the hemiglottis. Subglottal
pressure was varied via computer-controlled pressure sweeps in
the range of 0–5 kPa (about 0–50 cm H2O).Data acquisition
The EGG signal was acquired with a Glottal Enterprises EG2-
1000 electroglottograph (Glottal Enterprises, Syracuse, NY).y: (A) side view through the glass. The orientation of the x, y, and z axis
D) anterolateral view (right side of hemilarynx attached to glass plate);
attached to muscles around the thyroid cartilage; E2—EGG electrode
prong stabilizing the thyroid cartilage; P2—prong adducting VF.
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signal distortion introduced by the filter. To avoid clipping of
the EGG signal, custom-built electrodes with a reduced diam-
eter of 11 mm (Glottal Enterprises, Syracuse, NY) were used,
and a 100-Ohm resistor was inserted in series into the wire of
one of the electrodes (Martin Rothenberg, personal communi-
cation). One electrode was placed on the muscle tissue around
the thyroid cartilage (Figure 2, label E1), and the other one was
clipped onto the conductive layer of the glass plate (Figure 2,
label E2). Spectra 360 electrode gel (Parker Laboratories,
Inc., Fairfield, NJ) was applied to both electrodes.
The EGG signal was recorded with a Dewe-43 A/D data
acquisition card (Dewetron, Munich, Germany) at a sampling
frequency of 44 100 Hz.
Synchronized HSV recordings were acquired at a rate of 6000
fps from two positions (top view and side view), using two cam-
eras: aMotionBLITZ LTR1 portable camera (Mikrotron, Unters-
chleissheim, Germany) for the side view and a MotionBLITZ
Cube7 camera (Mikrotron, Unterschleissheim, Germany) for
the top view. Illumination was provided by three devices: a
Cymo 7300.03 300W Xenon Light Source (Cymo, Groningen,
The Netherlands), a custom-built array of twelve 5W MR16
LEDbulbs (SLVElektronikGmbH, €Ubach-Palenberg,Germany)
powered by a 12-V car battery, and one standard flexible one-bulb
LED table lamp. Both camera images contained a 10-mm scale
used for spatial calibration of the recordings.
The average subglottal pressure was measured with a Keller
PR-41X pressure sensor (Keller, Winterthur, Switzerland) posi-
tioned 32 cm upstream from the VFs and captured with a Lab-
Jack U6 data acquisition card (LabJack Corporation,
Lakewood, CO, USA).
The synchronization between all used data acquisition systems
was achieved via a transistor-transistor-logic (TTL) signal gener-
ated by the LabJack U6 data acquisition card. This TTL signal,
which consisted of pulses of approximately 20 ms duration, en-
coding the running recording time, was routed through an IC555
timer circuit (pulse rise time 15 ns) and was recorded simulta-
neously by all recording devices in dedicated channels. In the
MotionBLITZ LTR1 portable camera system (ie, the side view
camera), the TTL signal was electronically encoded in one pixel
in the top left part of the recorded image, and that signal was later
extracted with custom-built software to aid in aligning the cam-
era data with the other signals. In the case of the MotionBLITZ
Cube7 camera (ie, the camera providing the top view), the TTL
signal was used to drive a LED visible in the acquired video data
(labeled ‘‘LED’’ in Figure 2). The LED signal was extracted from
the respective video data with custom-built software. The
maximum synchronization error was calculated to be
0.167 ms, that is, the time delay between two consecutive video
frames at a video frame rate of 6000 fps. For more details on the
synchronization approach, see the supplementary material in a
previous publication.43
Data analysis
For the three larynges used in this experiment, a set of five,
seven, and one recording(s) were obtained, respectively. Small
variations in light position greatly influenced the quality of theside-video recording showing the VFCA. Therefore, these
video recordings were inspected without knowledge of the cor-
responding EGG signal before data analysis. For each larynx,
the selected sequence was where the outline of VFCAwas opti-
mally visible throughout three consecutive glottal cycles of pe-
riodic vibration. For each of the three larynges, one resulting
sequence (denoted as L1, L2, and L3 for the remainder of this
article) was thus subjected to further analysis.
The synchronized video recordings from both cameras (top
view and side view) were extracted and merged into one video.
Because the contours of the VFCAwere not always clearly delin-
eated, a manual instead of an automatic image analysis method
was used. TheVFCA contours weremanually annotated by three
experimenters (authors V.H., M.G., and C.T.H.) using custom-
built scripts within the FIJI44 image processing framework. All
the experimenters annotated the same video frames within the
three merged recordings, covering one VF oscillation cycle per
recording, without previous knowledge of the respective EGG
signals. On average, the manual annotation of one full vibratory
cycle took about two full working days per experimenter.
The main purpose of the top view camera was to clearly iden-
tify the anterior-posterior (A-P) extension of VF contact and to
use this information when annotating the VFCA from the side
view HSV data. Because the raw video data from the two cam-
eras did not share common spatial dimensions and zoom fac-
tors, a method was devised to spatially relate the top view
HSV data to the side view video data. Before video annotation,
a common base point along the A-P dimension, carefully cho-
sen to be clearly present in both camera views, was defined for
each larynx (denoted y0T for the top view and y0S for the side
view, Figure 3). Using this information, the relation between
points in the top view (yT) and the side view (yS) along the A-
P dimension (ie, along the y-axis as established in
Figure 2A), expressed in pixels, was defined as:
yS ¼ y0S 
lS

y0T  yT

lT
½px; (1)
where lT and lS are the equivalent measured distances of 5 mm
expressed in pixels for the top and the side view, respectively.
The process of relating the extensions of the VF contact along
the A-P dimension (as seen in the top view) to the side view is
illustrated in Figure 3.
The annotation process was conducted in two iterations. Af-
ter the first iteration, the experimenters discussed their indepen-
dently obtained VFCA contours to achieve a consensus if
possible and then revised their annotations where appropriate
during the second iteration. Every second video frame was an-
notated in the decontacting phase of the cycle, but every frame
was annotated in the contacting phase because VF contacting
generally takes place over a shorter time frame.
After the second annotation iteration, disagreements between
the experimenters were resolved as follows: A pixel within the
side-view video was considered to be contacting with the glass
plate when at least two experimenters included that pixel in
their suggested VFCA measure. This criterion was applied to
all pixels in each video frame. Thus counting all the pixels
FIGURE 3. Illustration of coordinate translation between the cam-
era top and side views. First, a baseline measure was taken (A) on
the y-axis coordinate (as defined in Figure 2A) in both the top and
the side view (y0T and y0S, respectively), based on clear landmarks
(ie, the most anterior vocal fold contact in the posterior glottis at the
moment of minimum vocal fold contact). Then, other vocal fold con-
tact landmarks along the y-axis coordinates of the top view were
marked (B, top) in subsequent video frames (yT), and their correspond-
ing position was calculated and annotated in the side view (yS; B, bot-
tom) on the basis of Equation 1, using the scales in both the top and the
side view (lT and lS, respectively).
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sulted in the overall VFCA measure (VFCAOVR, expressed in
pixels) for each analyzed video frame in each sequence.
An objective quality criterion for the agreement among the
experimenters within each video frame was established by us-
ing a custom standard deviation sCUSTOM, viz,
sCUSTOM ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPn
i¼1 ðVFCAi  VFCAOVRÞ2
n
s
; (2)
where n ¼ 3, that is, the number of experimenters. sCUSTOM is
then related to VFCAOVR by a custom coefficient of variation X,
viz,X ¼ sCUSTOM
maxðVFCAOVRÞ (3)
If the criterion Xwere >0.05 (ie, >5% of the total value range
of VFCAOVR of the glottal cycle), the VFCAOVR of the respec-
tive video frame was flagged as unreliable.
RESULTS
VFCA measurements
VFCAmeasurement data for the three larynges (L1, L2, and L3)
are shown in Figure 4 and Supplementary movies M1–M3. One
glottal cycle was analyzed per each larynx. The left panels of
Figure 4A–C depict VFCA for consecutive frames as measured
by the three experimenters (E1–E3, gray points) and the result-
ing overall VFCA (VFCAOVR, black points). Because of insuffi-
cient illumination in the video, the first few video frames of the
contacting phase of L2 were not analyzed.
Overall, there was a good agreement between the three exper-
imenters, with the exception of the late decontacting phase in lar-
ynx L1, where experimenter E3 measured higher values of
VFCA. The right panels of Figure 4A–C show the quality crite-
rion X (Equation 3) for larynges L1–L3. The threshold of 0.05
(dashed line) was only exceeded in larynx L1 in three of the 48
analyzed video frames, caused by the disagreement between the
experimenters in the VFCA measures of the decontacting phase.
Comparison of VFCA and EGG waveforms
The relationship between the normalized (to the range between
0 and 1) EGG waveform (EGGnorm) and the normalized overall
VFCA (VFCAOVRnorm) for the three larynges L1–L3 is shown
in Figure 5. In all three larynges, the EGGnorm waveform pre-
cedes the VFCAOVRnorm during the closing phase of the cycle
(Figure 5, left panels). This is reflected by the large difference
between EGGnorm and VFCAOVRnorm at the beginning of the
glottal cycle for all three larynges (Figure 5, middle and right
panels, and Table 1). The maximum disagreement in the con-
tacting phase was about 0.42, 0.40, and 0.54 in the three
larynges (Table 1), amounting to about half the possible value
range [0, 1] (Figure 6).
In the relatively longer decontacting phase, larynges L2 and
L3 showed a good agreement (ie, differences mostly smaller
than 5% of the normalized total amplitude) between EGGnorm
and VFCAOVRnorm (Figure 5 and Table 1). In contrast, data
from larynx L1 exhibited a considerable disagreement (ie, dif-
ferences ranging from 0% to 33% of the normalized total ampli-
tude) between EGGnorm and VFCAOVRnorm. When averaging
over time, the difference between these two normalized signals
was about 16% of the possible value range of [0, 1] in larynx L1
(Table 1).
When correlating EGGnorm and VFCAOVRnorm (right panels
in Figure 5), an ideal agreement between these two signals
would result in a linear correlation with a slope of 1 (dashed
line in the right panels of Figure 5). This condition is fulfilled
by the data from the decontacting phase of larynges L2 and
L3 but not for the decontacting phase of larynx L1 and for
the contacting phase of all three larynges (black circles with
superimposed plus signs in Figure 5).
FIGURE 4. (A–C): Results from VFCA measures for the three larynges (L1–L3), respectively. Left—VFCA annotation results from the three
experimenters (E1, E2, and E3), with VFCAOVR superimposed (see text); right—quality criterion (dashed line) for expressing reliable VFCAOVR
measurements for all annotated frames.
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This study investigated whether the EGG signal is an exact repre-
sentation of the relative VFCA during flow-induced self-sustain-
ingVFoscillation.On the basis of the collected data, this research
question cannot be answered conclusively. On the one hand, there
was goodagreement betweenEGGnorm andVFCAOVRnormduring
a major portion of the glottal cycle in two of the three larynges,
supporting the relatively linear relationship between the EGG
waveform and VFCA found by Scherer et al.40 This was con-
trasted with noteworthy discrepancies between these two signals
in larynx L1 and in the contacting phase in all three larynges.Systematic disagreement between EGG and VFCA
in the contacting phase
The systematic disagreement between EGGnorm and
VFCAOVRnorm in the contacting phase in all three larynges was
brought about by a temporal offset between the two signals and
by a steeper signal slope in the EGG signal. A synchronization
issue between the EGG signal and the HSV recording was ruled
out by careful post hoc assessment of the synchronization
between these two systems (cf supplementary materials in the
study by Herbst41), confirming the estimated synchronization er-
ror of ± 0.167 ms, that is, the duration of one video frame at 6000
FIGURE 5. (A–C): Comparison and relations between normalized EGG (EGGnorm) and VFCA (VFCAOVRnorm) waveforms for the three larynges
L1, L2, and L3. Left panels: EGGnorm (black triangles) and VFCAOVRnorm (dark gray and light gray diamonds for video frames where the quality
criterion Xwas below and above 0.05, respectively).Middle panels: difference between EGGnorm and VFCAOVRnorm for each analyzed video frame.
Right panels: relation between VFCAOVR and EGG waveform.
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VFCAOVRnorm (middle panels in Figure 5) reveals a time shift
of about five video frames in larynges L1 and L2 and about 10
video frames in larynx L3 over which the major disagreement
between the two signals occurs. This clearly shows that this dif-
ference cannot be explained by the synchronization error alone.
As a potential alternative explanation, capacitance of the electro-
glottograph’s hardware circuits might have caused this phenom-
enon. The EGG device used in this study internally applies a
4000-Hz low-pass signal filter before putting out the EGG signal
(personal communicationwithMartinRothenberg,Glottal Enter-
prises), as well as a high-pass filter with a controllable cutoff fre-
quency (seeMethods). These circuits might introduce systematic
waveform changes into the recorded EGG signal.
Overall disagreement between EGG and VFCA in
larynx L1
The considerable overall disagreement between EGG and
VFCA in larynx L1 might have been caused by a number of
reasons.The time-varying VFCA was assessed by three experi-
menters, and their judgments were not always unanimous
(Figure 4). In particular, in larynx L1, there was a slightly
greater disagreement during the decontacting phase. However,
this intrarater disagreement caused the quality criterion X to
exceed the defined threshold of 0.05 only after frame 48,
whereas the disagreements between EGG and VFCA in larynx
L1 already start around frame 20. Furthermore, the intrarater
disagreement amounted to about 10% of the VFCAOVR in the
respective frames, whereas the disagreement between EGGnorm
and VFCAOVRnorm ranged from 20% to 30% (Figure 5A,middle
panel). Finally, inspection of Supplementary movie M1 sug-
gests that the HSV recording was taken with optimal lighting
conditions and that there was a good match between the visible
VFCA and the estimated VFCAOVR, ruling out human error in
the estimation of that measure.
To rule out data for larynx L1 having come from an atypical
glottal cycle during the recording, the acquired material was
subjected to an additional test: Three more glottal cycles of
that recording (extracted at offsets of 0.02 seconds, 1.4
TABLE 1.
Average, Standard Deviation, and Absolute Maximum of Differences Between EGGnorm and VFCAOVRnorm in Larynges L1–
L3 in the Contacting and Decontacting Phases, Respectively
Part of Glottal Cycle Measure Larynx L1 Larynx L2 Larynx L3
Entire glottal cycle Number of video frames 68 111 154
Number of frames analyzed 48 65 60
Contacting phase Number of frames analyzed 9 18 30
Average difference 0.180 0.075 0.168
Standard deviation 0.156 0.115 0.184
Absolute maximum 0.418 0.399 0.542
Decontacting phase Number of frames analyzed 39 47 30
Average difference 0.159 0.003 0.004
Standard deviation 0.112 0.029 0.032
Absolute maximum 0.334 0.093 0.081
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tated by experimenter E1. The newly acquired VFCA wave-
forms did not differ substantially from the data acquired for
larynx L1 by all three experimenters, suggesting that the
data presented in Figure 4A represents typical vibratory pat-
terns of larynx L1.FIGURE 6. Development of the VFCA shape during the glottal cy-
cle in the problematic larynx L1. Top: EGGnorm (black triangles) and
VFCAOVRnorm (gray diamonds); Bottom (A–F): high-speed video im-
ages (side-view camera) with superimposed VFCAOVR, extracted at
every 10th video frame during the glottal cycle.In principle, the discrepancy of EGG and VFCA in larynx L1
may have been induced by nonuniform conductance properties
of the used conducting glass plate. However, larynx L1 was the
first specimen investigated in the project, and the glass plate
used was in pristine condition as provided by the Joint Labora-
tory of Optics, Palacky University, Olomouc, the Czech Repub-
lic. Thus, the influence of a potential glass plate conductance
issue was considered to be unlikely.
The observed disagreement between EGG and VFCA could
have also been brought about by nonlinear conductivity pat-
terns: Inspection of the available video material revealed that
the discrepancy between EGG and VFCA arose when the infe-
rior portion of the VF lost contact (Supplementary movie M1).
Furthermore, this larynx demonstrated a slight abnormality of
the medial vocal fold surface with a groove (sulcus vergeture)
dividing this surface into a superior and inferior part. This
observation gave rise to the speculation that the superior and
the inferior VF section might have had different conductivity
properties, thus contributing differently to the overall VFCA.
This notion was tested quantitatively by dividing VFCA of
larynx L1 into a superior and an inferior portion (VFCAUPPER
and VFCALOWER, respectively), by considering the clearly
visible sulcus-like horizontal groove in the investigated VF as
the demarcation line between the two areas (Supplementary
movie M1 and Figure 6). On the basis of the two partial
VFCA time series, the weighted VFCAwas calculated as
VFCAWEIGHTED ¼ f $VFCAUPPER þ ð1 f Þ$VFCALOWER
(Eq. 4)
by varying theweighting factor f in the range of [0, 1] in steps of
0.05. Each of the resulting VFCAWEIGHTED time series was
normalized and compared with the normalized EGG signal,
and the sum of the squared difference between these two time
series was calculated. This least-squares error approach sug-
gested a near perfect fit for fz 0.8 (Figure 7). In that scenario,
the lower VF portion’s contribution to the overall VFCA is only
a quarter of the upper VF portion.
Such a phenomenon could potentially be explained in rela-
tion to the placement of the EGG electrodes: In EGG, the cur-
rent across the larynx follows an electric field having its
FIGURE 7. Assessment of hypothetical contribution of lower and upper vocal fold portion to the overall EGG signal—illustration of best fit sce-
nario (see text). (A) contribution of the superior (VFCAUPPER, light gray rhombs) and inferior (VFCALOWER, dark gray circles) vocal fold portion to
the overall weighted vocal fold contact area (VFCAWEIGHTED, black triangles); (B) comparison of VFCAWEIGHTED (gray rhombs) and actual EGG
waveform (black triangles); (C) difference (dashed curve) and squared difference (solid curve) between the curves depicted in B.
Journal of Voice, Vol. 30, No. 2, 2016168maximum density along the most direct path between the elec-
trodes.19 The further an electric field line is removed from that
most direct path, the longer it gets, thus increasing the imped-
ance along that particular path. In the setup used for this study,
the electrode attached to the glass plate was positioned anteri-
orly and above the level of glottis, to not obstruct the top camera
view (Figure 2). Such a configuration would most probably
cause the superior VF portion to contribute more strongly to
the overall EGG signal because the most direct electrical field
line would be found there. This notion is well in line with pre-
vious observations that changes of electrode placement in vivo
are likely to influence the shape of the resulting EGG wave-
form.6,45,46 Interestingly, approximately identical EGG
electrode placements were maintained for each of the
investigated larynges. Yet, the substantial differences between
EGG and VFCA over the glottal cycle were only found in
larynx L1, an argument that is not in favor of the notion thatEGG electrode placement had a great influence on the
acquired EGG signal. Further research is needed to
investigate this assumption.
Previous research has shown that mucus bridges between the
VFs could introduce artifacts into the EGG signal, particularly
immediately after the opening instant.47–49 As themucus glands
are not actively secreting in an excised larynx preparation, the
influence of mucus bridges, as seen in vivo, can therefore be
ruled out. During the experiments, the larynges were
regularly moistened with saline solution, to slow down the
dehydration process. Uneven distribution of the excess liquid
could have potentially had an influence on the overall
conductivity of the tissue and consequently on the EGG
signal. However, the larynges have been checked for excess
liquid before each trial run in an attempt to minimize the
potential influence of the presence of saline solution on the
tissue.
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gions along the VFCA could be brought about by nonuniform
tissue properties. Cartilage might have lower conductivity
than muscle and other tissue.19 In case of a pathology, lesions
that contain less water or less conductive material may locally
alter tissue admittance properties. For frequency-modulated
currents <10 MHz, tissue impedance is typically dominated
by the conductivity of the body electrolytes,50 and it varies
under compression, caused by an exodus of conductive fluids
from the compressed regions.51 Such effects may occur as the
VFs collide during oscillation, either with each other in vivo
or with the conductive glass plate in the hemilarynx setup. It
is therefore conceivable that VF conductivity undergoes spatio-
temporal variation, thus introducing nonlinear relations be-
tween the actual VFCA and the acquired EGG signal.
Practical implications
Because of its noninvasive nature, electroglottography is a pop-
ular method for assessing VF vibration in vivo. The EGG signal
can be subjected to either qualitative analysis, such as assessing
the presence of a ‘‘knee’’ in the EGG waveform as a putative in-
dicator of VF bulging,52 or to quantitative analysis. A widely
used quantitative parameter derived from the EGG signal is
the EGG contact quotient CQEGG. Also known as the ‘‘duty
cycle’’ of VF vibration,53 it estimates the relative duration of
VF contact during a glottal cycle. This parameter has been
widely used, for example, to assess VF adduction,54 vocal reg-
isters in speech and singing,55 differences between trained and
untrained singers,56 the effect of voice therapy on patients with
mutational dysphonia,57 indications of voice quality after sur-
gery,58 glottal configurations in singing,59 differences in
singing styles,60 effects and principles of vocal exercises,32–
34,61–63 and other areas of interest in vocal production.
Various approaches for estimating the CQEGG have been
used,37 either using a ‘‘criterion level,’’39,53,64,65 the first
derivative of the EGG signal,38,66 or a combination of these
two.56,67 These methods rely on the assumption that the EGG
signal is a correct representation of the relative VFCA. Any
error introduced during the data acquisition stage would
inescapably make the computed quantitative analysis data
less accurate, and thus also any inferential statistics that
would be based thereupon. Knowing the relation (and its
potential error) between VFCA and the acquired EGG signal
is therefore paramount for assessing the validity of past,
present, and future studies involving quantitative EGG analysis.
Unfortunately, neither the initial study by Scherer et al40 nor
this study could report a perfect correlation between EGG and
VFCA (although a relatively strong relation of sorts was found
in both studies). Also, owing to the complexity of the experi-
mental setup, neither of these two studies had a large enough
sample size that would allow a report of reliable error margins
for relative VFCA measurement with EGG, particularly with
respect to quantitative analysis parameters such as the CQEGG.
The potential presence of such a measurement error might for
instance in part explain the observed disagreement between
glottal landmarks from EGG and HSV,41 or between the EGG
contact quotient and the closed quotient derived from inversefiltered airflow,68 HSV,69 or videokymography.37 Consequently,
until such data are available, quantitative EGG analysis data
should be interpreted with care.
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